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Purpose: The authors have previously reported the advantages of high-sensitivity single-photon emis-
sion computed tomography (SPECT) systems for imaging structures located deep inside the brain.
DaTscan (Isoflupane I-123) is a dopamine transporter (DaT) imaging agent that has shown potential
for early detection of Parkinson disease (PD), as well as for monitoring progression of the disease.
Realizing the full potential of DaTscan requires efficient estimation of striatal uptake from SPECT
images. They have evaluated two SPECT systems, a conventional dual-head gamma camera with
low-energy high-resolution collimators (conventional) and a dedicated high-sensitivity multidetector
cardiac imaging system (dedicated) for imaging tasks related to PD.

Methods: Cramer—Rao bounds (CRB) on precision of estimates of striatal and background activ-
ity concentrations were calculated from high-count, separate acquisitions of the compartments (right
striata, left striata, background) of a striatal phantom. CRB on striatal and background activity con-
centration were calculated from essentially noise-free projection datasets, synthesized by scaling and
summing the compartment projection datasets, for a range of total detected counts. They also cal-
culated variances of estimates of specific-to-nonspecific binding ratios (BR) and asymmetry indices
from these values using propagation of error analysis, as well as the precision of measuring changes
in BR on the order of the average annual decline in early PD.

Results: Under typical clinical conditions, the conventional camera detected 2 M counts while the
dedicated camera detected 12 M counts. Assuming a normal BR of 5, the standard deviation of BR
estimates was 0.042 and 0.021 for the conventional and dedicated system, respectively. For an 8%
decrease to BR = 4.6, the signal-to-noise ratio were 6.8 (conventional) and 13.3 (dedicated); for a
5% decrease, they were 4.2 (conventional) and 8.3 (dedicated).

Conclusions: This implies that PD can be detected earlier with the dedicated system than with the
conventional system; therefore, earlier identification of PD progression should be possible with the
high-sensitivity dedicated SPECT camera. © 2013 American Association of Physicists in Medicine.
[http://dx.doi.org/10.1118/1.4794488]
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I. INTRODUCTION

Single-photon emission computed tomography (SPECT) and
positron emission tomography (PET) brain imaging have be-
come important tools for Parkinson disease (PD) clinicians
and researchers in their efforts to identify disease state, rate
of disease progression, and translational biomarkers,' as well
as for monitoring effects of therapy.”> SPECT is more widely
available than is PET; however, at present, PET provides
better spatial resolution and much higher sensitivity. Im-
proved SPECT sensitivity, particularly for imaging central
brain structures, would lead to improved reproducibility of
SPECT-derived measures, thereby addressing a major current
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limitation of SPECT imaging for PD.? Moreover, increased
SPECT sensitivity would mean that fewer subjects would be
needed for clinical trials of therapeutic agents.

Several SPECT agents which bind to dopamine trans-
porter (DaT) sites have been developed, including the
1231 agents, beta-CIT,* and altropane® as well as a *°™Tc
agent, TRODAT.® Two '>*I dopamine receptor agents, IBZM
(Ref. 7) and IBE?® have also been developed, as well as a 1231
serotonin transporter tracer.” Quantitative estimates of stri-
atal activity concentration, volumes, and kinetic parameters
are of clinical significance in several neurological diseases.
Reductions in the size and activity concentration of striata,
as well as alterations in tracer kinetics, have been reported in
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Parkinson disease,'”!! and abnormalities of the dopaminergic

system have also been reported in other movement disorders,
including Huntington’s disease.'”> One of the most promis-
ing agents for PD is N-o-fluoropropyl-2,f-carbomethoxy-
3,B (4-iodophenyl)tropane ('2*I-FP-CIT), used to visualize
the DaT using SPECT. Booij et al.!' showed that the up-
take of FP-CIT in both the caudate nucleus and putamen
of patients with Parkinson’s disease was significantly lower
than in age-matched controls and, furthermore, that FP-
CIT can discriminate patients with early PD from normal
controls.

Most clinical SPECT scanners are equipped with parallel-
hole collimators, which yield uniform sensitivity across the
detector. This is suboptimal because, due to attenuation, rela-
tively fewer photons originating in the deep brain structures
that are of greatest interest for PD are detected. This de-
grades both accuracy and precision of quantitative SPECT
studies; while the bias can be addressed by attenuation cor-
rection procedures, such techniques do not improve precision.
We have previously shown that brain SPECT can benefit from
nonuniform transaxial sampling of the projections, with cen-
tral regions more heavily represented, in order to compen-
sate for loss of information from central brain structures by
attenuation.'> One way to achieve such sampling is to de-
sign a collimator that accepts more photons from the central
region than from the periphery of the brain'* or to build a
dedicated brain SPECT system, e.g., CeraSPECT.!> Another
approach, which may also improve the sensitivity and/or res-
olution of the images, is to use a dedicated cardiac scanner.
The D-SPECT (Spectrum Dynamics, Caesarea, Israel) is a
novel imaging instrument that yields for cardiac applications
increased sensitivity, by a factor of up to 10, compared to con-
ventional SPECT instruments. '

We have evaluated the D-SPECT for striatal activity
estimation and compared it to a conventional dual-head
SPECT camera, Symbia T6 (Siemens Medical Solutions, Inc.,
Knoxville, TN). All calculations were performed on the pro-
jection data. The advantage of assessing camera performance
based on projection data is that the assessment is independent
of the reconstruction algorithm and parameters and, thus, de-
pends solely on the information conveyed by the collimated
and detected photons.
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II. METHODS
IILA. SPECT scanners

The Siemens Symbia T6 SPECT/CT scanner (Siemens
Medical Solutions, Inc., Knoxville, TN) (conventional sys-
tem) consists of two large rectangular detectors, each with
a 53 x 39 cm field of view. The 9.5 mm Nal (TIl) crystals
yield better than 10% energy resolution for the 140-keV Tc-
99 m photopeak and 3.8 mm intrinsic spatial resolution. For
our experiments, the Symbia was equipped with low-energy,
high-resolution parallel hole (LEHR) collimators. The hexag-
onal hole diameter was 1.1 mm (flat-to-flat distance) and the
hole length was 24 mm. Each projection dataset consisted of
120 angular views over a 360° circular orbit in a 180° detec-
tor configuration with acquisition time 5 s/view. The radius of
rotation was 13 cm.

The D-SPECT (Spectrum Dynamics, Caesarea, Israel)
(dedicated system) is equipped with 9 cadmium zinc telluride
(CZT) solid-state detectors, each consisting of a 16 (transax-
ial) x 64 (axial) array and capable of individual rotation
around its (axial) axis, which corresponds to the vertical di-
rection in Fig. 1(b). Each detector can rotate a maximum of
100°. The detectors can also shift in unison by a half of the
detector spacing around an arc in the transaxial plane to mea-
sure additional angular projections at positions in between
the initial detector positions. This makes it possible to use
a flexible acquisition pattern by which photons are detected
mainly from a preselected region—in normal clinical use, the
heart—to maximize the counts from the organ of interest.'® !
For each acquisition, the angular scanning pattern is deter-
mined for each detector based on a preselected region of in-
terest (ROI). The CZT detectors are characterized by better
energy resolution, <6.2% at 140 keV, than are conventional
Nal-based detectors. Because of the wide (2.26 mm) tung-
sten collimator holes, the system is characterized by higher
sensitivity compared to a conventional system. The short
(21.7 mm) hole length also increases the solid angle for pho-
ton acceptance, thereby further increasing sensitivity at the
cost of degraded resolution. Gambhir et al.'” showed that
it would take ten times longer for a conventional dual-head
SPECT camera with LEHR collimation to acquire the same
number of detected counts (14.3 x 10°) as with D-SPECT,

(C) ilr?ch‘cvs

/iv |

FIG. 1. (a) Magnified view of the striatal phantom with fillable striata (http://www.rsdphantoms.com/nm_striatal.htm). The volume of each compartment is
4.8 ml (right caudate), 4.9 ml (left caudate), 5.8 ml (right putamen), 6.0 ml (left putamen,) and 1260 ml (background). (b) The phantom was positioned on the
D-SPECT facing the center of the detector array. (c) A prescan of the phantom on the D-SPECT. The prescan was acquired using a motor file designed for a
cardiac imaging. A scan pattern using the motor file focused on the dashed circle that was presumed to enclose the heart. A new circular ROI of 6 cm radius
(solid line) was drawn to assign a new scan pattern to maximize the counts from the region. In order to obtain the clearest possible view of the striata, the right
and left putamen were filled with Tc-99m while other compartments contained only air.

Medical Physics, Vol. 40, No. 4, April 2013


http://www.rsdphantoms.com/nm_striatal.htm

042504-3

TABLE I. Specifications and scan parameters for the conventional and dedi-
cated systems.

Dedicated

Conventional SPECT high-sensitivity SPECT

System Siemens Symbia T6 Spectrum Dynamics
SPECT/CT D-SPECT

Crystal Nal (T1) Pixelated CZT

# Heads 2 9

Collimator Hexagonal LEHR (lead) Parallel square holes

(tungsten)

Hole size (mm) 1.11 2.26

Hole length (mm) 24.05 21.7

Detector size 53 x 38 4 x 16

(cm/head)

Scan views 120 120

(views/head)

Configuration 180 deg Predefined, flexible

scan pattern

Scan duration 5 5

(s/view)

Zoom 2.29 1

using a single Co-57 line source, i.e., 45.5 min for conven-
tional vs 4 min for dedicated system. A shorter scan time
with the same image quality would provide great benefits for
imaging PD patients, some of whom cannot remain still for an
extended period. For our phantom experiments, we acquired
120 angular projections from each of the 9 detectors, with a 5
s acquisition time for each. Therefore, to acquire a complete
projection dataset required the same time, 10 min, on both
systems. In Table I, we summarize the hardware and techni-
cal parameters for each system evaluated.

II.B. Phantom experiments

Projection datasets were acquired using the RSD striatal
phantom (Radiology Support Devices, Long Beach, CA),
consisting of separately fillable compartments for left and
right striata and brain background (Fig. 1). (Although the
left and right caudate and putamen compartments are sepa-
rately fillable, we treated each side as a single structure.) We
filled one compartment (right or left striata or background) at
a time with radioactive Tc-99 m, while the other two com-
partments were filled with nonradioactive water. Initial ac-
tivity concentrations were 40-50 pCi/cc for the striatal com-
partments and 4-5 pCi/cc for the background compartment.
After filling each compartment, the phantom was always
repositioned in the same location. For acquisitions on the
conventional system, the phantom was placed on a head-
holder and the built-in laser lines were used to reproduce the
position for each compartment. Scanning on the D-SPECT
required predetermination of the detector scanning pattern.
From a quick scan using a standard motor file (which con-
trols the motion of each of the nine detectors), an initial
image of the phantom activity was obtained [Fig. 1(c)], on
which we drew a circular region which enclosed both the
right and the left putamen. The D-SPECT software then gen-
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FIG. 2. An example of scan pattern. The angular increment was 0.6° when
the detector was collecting data from the fine sampling region. In the coarse
sampling region, it varied from 0.8° to 2.6°.

erated a new optimized motor file which enabled the sys-
tem to collect more photons from the striatal region and
fewer from less important surrounding regions. For the brain
phantom, each detector block swept over 40°-60° from its
base position. When the detectors were focusing on the
striatal region inside the ROI, the angular increment was
0.6° (fine sampling region). However, when they were col-
lecting data from surrounding regions, the angular incre-
ment varied from 0.8° to 2.6° (coarse sampling region).
The acquisition time at each angular position was the same
for all of the detectors. The scan pattern is illustrated in
Fig. 2. The discontinuity at the 60th angular view is due to the
detector shift. The same motor file was then used for scanning
all compartments. We repositioned the phantom using five-
point registration between the detector cover and the phantom,
which faced the detector surface [Fig. 1(b)].

In order to generate very low-noise projection datasets, we
used activity concentration values in each compartment that
were greater than the expected values; these were low enough
to keep the dead-time effect minimal, i.e., below 2%. Further-
more, we obtained multiple (7-10) acquisitions for each com-
partment; these were summed and normalized to unit activity
concentration. Realistic human brain projection datasets were
then synthesized by appropriately scaling and summing these
essentially noise-free normalized compartment data.

Il.C. Estimation of activity concentrations

Typically, a DaTscan acquisition contains 1-2 M total
counts over the entire projection dataset. We first scaled
our projection data and obtained the activity distribution to
achieve 2 x 10° total counts on the conventional system. The
same activity distribution was then used to scale and sum
compartment projections for both systems. From these data,
we calculated the Cramer—Rao bounds (CRB) on the preci-
sion of estimates of striatal and background activity concen-
tration. The CRB represented the best possible performance
for an unbiased estimator. This approach implicitly incorpo-
rates the effects of scatter and attenuation, as well as spatial
resolution and sensitivity. Our calculations were based on the
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following model:
](09x1 )’) = SRf(03 X, y)+ SLg(esx’ )’) + Bh(97x$ Y),
(1)

where (0, x, y) and g(6, x, y) are the projections of the right
and left striata at the pixel position (x, y) on each detector
and at the angular view 6. h(0, x, y) is the projection of the
background, which includes the rest of the brain. S and S,
are the activity concentration in the right and left striata, and
B is the activity concentration in the background which we
assumed to be uniformly distributed. Then a 3 x 3 Fisher’s
information matrix, J, was calculated from the projections by

- 1@, x, ) [310.x, )] 1
JU_ZZ[ dA; ][ IA; }I(e,x,y)’

det 0,x,y

@)

where A; is the activity concentration in compartment i, i.e.,
Sk, Sr, or B for our study. There were two detectors for the
conventional dual-head system and nine detectors for the ded-
icated system.

Ji ! and Jz_zl are the CRB on the variance of activity-
concentration estimates in the right and left striata, respec-
tively. Therefore, we define a task-specific ideal-estimation
signal-to-noise ratio (SNR) for measuring striatal activity

S
SNRright = R ) >
Ji
S
SNRj¢f = —— 3)

Note that this quantity is the inverse of the coefficient of vari-
ation. We also calculated the SNR for estimating the specific-
to-nonspecific binding ratio (BR) using volumes of interest
(VOI) in the striata and the occipital cortex, where BR is de-
fined as

BR — VOlI(striata) — VOI(background)
- VOI(background)

; “)

where VOI(striata) is either the right or the left striata.

The CRB on variances of BR estimation were calculated
using propagation of error analysis; from these we calculated
ideal-estimation SNR for the right and left BR. All calcula-
tions used the final projection data, I(6, x, y); therefore, pix-
els in the detectors contained projections from one or more
compartments. The variance of BR was affected by variance
of each striatum and background, and also by covariance be-
tween striatum and background.

To assess the capability of each system to follow disease
progression or response to therapy, we also evaluated how
precisely they could measure small changes in BR. The ideal-
estimation SNR for measuring changes in BR was determined
for each system using the following equation:

|BRpre - BRpost |

SNR(changes) = .
( g ) \/Vm‘(BRpre) + Var(BRpost)

&)
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BRyye could be measured from a baseline or previous study,
and BRp, may be from a post-treatment measurement or
from a follow-up study at a later time point. We estimated
the SNR for detecting 5% and 8% decreases in the true value
of BR, based on reports that 5%—8% is the range of annual
change in BR in early PD.'%1?

A left-right asymmetry index was shown to be higher in PD
compared with healthy controls.'® It has been also shown that
there were differences in the posterior putamen asymmetry
indices of PD and dementia with Lewy bodies.”’ The CRB
on the precision of estimating the asymmetry index was also
calculated from the projection dataset using propagation of
errors, and the following equation:

|BR(high) — BR(low)|

Asymmetry index(%) = - x 100,
[BR(high) + BR(low)]/2

Q)

where BR(high) and BR(low) are the binding ratio measure-
ments for the higher uptake side and the lower uptake side,
respectively.

lll. RESULTS AND DISCUSSION

In Fig. 3, we show one projection view for each scanner
for each of the three compartments. For the D-SPECT dedi-
cated scanner, all nine detectors are shown, while one detector
is presented for the conventional SPECT system. The white
pixels in the projections on the dedicated system are disabled
crystals; these do not significantly degrade the performance of
the system and, of course, they did not contribute to the CRB
calculations (zero-valued detector elements are not included).
We summed the projections from all angular views and for all
three compartments, and compared the total counts. We first
fixed the specific-to-nonspecific ratio in terms of BR and then
obtained the activity concentration for each region. While the
conventional system acquired 2 M counts for a phantom con-
figuration of BR = 5, the dedicated system recorded 12 M for
the same phantom configuration, higher than the conventional
system by a factor of 6. Gambhir'” reported gains of 11 for a
line source and 7-8 for the cardiac region in patient studies
for the D-SPECT compared to a conventional camera; it is
not surprising that our gain was lower for a more extended
source.

(d) (e) (f)
(b) |[mansnnrs
’ » ~

FIG. 3. Projections on the nine D-SPECT detector blocks acquired for 5 s for
(a) background filled with 4.2 Ci/cc, (b) left striata filled with 22.6 pCi/cc,
and (c) right striata filled with 30.2 Ci/cc. (White dots indicate the locations
of disabled crystals.) One 5-s projection view on the Symbia (d) background
filled with 4 uCi/cce, (e) left striata filled with 30 uCi/cc, and (f) right striata
filled with 44 nCi/cc.
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FIG. 4. SNR for estimation of activity concentration in the right striata as a
function of total counts detected on the conventional system, for two values
of BR.

Using Egs. (3), we calculated the SNR for both sys-
tems. For a given number of total counts on the conventional
SPECT system, we obtained the activity concentration of the
background and striata with a fixed BR, 5 or 3. The same
activity concentration distribution was used to simulate the
phantom on the dedicated system. Figure 4 shows the ideal-
estimation SNR for activity concentration in the left striata.
The SNR increases as predicted by the increase in the de-
tected counts for both systems. For BR = 5 and 2 M de-
tected counts on the conventional system, the SNR was 143
for the conventional, and 289 for the dedicated systems. These
values decreased to 104 and 208, respectively, for BR = 3.
The SNR from the dedicated system was ~2.0 times greater
than that from the conventional system. Note that the im-
provements in task-specific SNR are less than would be ex-
pected based on the gains in sensitivity alone. This reflects
the task performance penalty due to the D-SPECT’s poorer
spatial resolution, as well as a suboptimal scanning pattern.
An optimal scanning pattern for the brain would require a
change in the positions of the detectors.”! Gambhir!” reported
both improved sensitivity and improved resolution for the D-
SPECT compared to a conventional system, based on recon-
structed cardiac images. The utility of our approach is that,
because it is based on raw acquired data, it reflects the fun-
damental properties of the instruments without confounding
the analysis by the properties of the reconstruction algorithm.
Gambhir’s'” image-based comparisons used D-SPECT im-
ages reconstructed with resolution recovery and a strong prior
and conventional system images reconstructed with neither
advantage.

We also calculated the CRB on estimation of the BR by
propagation of error analysis based on Eq. (4). The CRB for
the dedicated system was 75% lower than that of the conven-
tional system, for an activity concentration distribution yield-
ing 2 M total counts on the dedicated system and BR = 5
(Fig. 5). Overall, for all count level and BR combinations
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FI1G. 5. The CRB on precision of estimates of specific-to-nonspecific BR as
a function of total counts detected on the conventional system for BR = 5.

tested, BR could be estimated more precisely with the ded-
icated system than with the conventional system.

System comparisons on the basis of absolute measure-
ments of striatal uptake or BR for the purposes of identifying
between-group differences or classifying individual patients
are subject to variability among patients at the same stage of
disease, however defined. This may diminish advantages of
one scanner over another; however, this is not true of imaging
tasks involving serial images of the same patient for, e.g., fol-
lowing disease progression or assessing response to therapy.
Scanner comparisons for longitudinal tasks will be affected
only by variability resulting from changes over time in pa-
tient tracer uptake and technical factors such as repositioning
error; these are expected to be minimal compared to interpa-
tient variability.

The SNR values represent the best possible performance
of the two systems, assuming an unbiased, efficient estima-
tion procedure (including, implicitly, an unbiased, efficient re-
construction algorithm). Because they are based on phantom
experiments, they overstate the performance that would be ex-
pected in the clinic. Nonhardware-dependent sources of vari-
ability in estimates of striatal uptake or BR would be the same
for either system, tending to diminish between-scanner dif-
ferences. If the estimates are to be used to quantify between-
group (e.g., normal vs early PD) differences, or to classify
individual patients, then normal interpatient variation should
be incorporated into the system comparison.

Winogrodzka et al.'®'” reported an average decline in BR
of 8% per year in early PD, with a minimum decline of 5%
using both FP-CIT and beta-CIT. The ideal-estimation SNR
for detecting these small changes in BR were calculated and
summarized in Table II. We assumed that the baseline BR was
5.0 and simulated the post-SPECT imaging for BR =4.75 and
4.6 for 5% and 8% decrease, respectively. The results showed
that the dedicated system can measure these small changes
more precisely, improving the SNR by a factor of 1.96.

The smallest detectable decrease in BR for both systems
was calculated. We determined the activity concentration in
the phantom that yielded for 2 M detected counts on the
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TABLE II. The signal-to-noise ratio for detecting a small change in binding
ratio with the baseline BR = 5.0.

Total counts
5% decrease 8% decrease

on the

conventional system Conventional Dedicated Conventional Dedicated

1.0 x 108 2.99 5.86 4.81 9.41
2.0 x 106 4.23 8.30 6.80 13.30
3.0 x 100 5.19 10.16 8.32 16.29

conventional system with BR = 5, and applied the same
concentration to both systems. The BR was then decreased
by a small amount and SNR for detecting the decrease was
calculated using Eq. (4). The minimum decrease in BR which
can be detected with SNR = 4 was 4.8% for the conventional
and 2.6% for the dedicated system.

The amount of dopamine transporter tends to become
asymmetric depending on the progress of the disease. We
have calculated an asymmetry index which mimics such a
clinical case by making the uptake in one side of the striata
lower than the opposite side. In our phantom, we made the
left striata 10%-30% lower than the right striata. When
the value of BR in the left striata decreased by 10%, 5% for
the right, and 4.5% for the left striata, the asymmetry index
becomes 10.5% from Eq. (5). For the 20% decrease, the asym-
metry index was 22.2%. Using Eq. (5) and propagation of er-
ror analysis, we calculated the variance and the SNR on the
estimation of the asymmetry index. Using the activity level in
the phantom to achieve 2 M detected counts on the conven-
tional system, the SNR was plotted in Fig. 6 as a function of
the asymmetry index for BR = 5 and 4. The SNR increased
as the asymmetry index increased. For the same BR, the ded-
icated system offered higher SNR compared to the conven-
tional system. The precise measurement of small changes of
BR in the early stages of the disease—or following therapeu-
tic intervention—should be very useful for investigating dis-

60
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50 —e—dedicated (BR=5)
--4~-dedicated (BR=4)
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o o

SNR (Asymmetry Index)
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FIG. 6. SNR for measuring asymmetry index, as a function of asymmetry
ratio, for two values of BR.
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ease progression and for evaluation of the effect of treatments.
With the gain in sensitivity and precision, fewer subjects may
be needed for clinical trials of therapeutic agents.

These results demonstrate the potential of a design simi-
lar to the D-SPECT, but optimized for brain imaging; such a
system would, presumably, yield even better performance in
tasks such as the ones we analyzed. The current D-SPECT
hardware configuration is suboptimal for brain imaging be-
cause of the limited angular coverage [see Fig. 1(b)]. The D-
SPECT configuration was designed for cardiac imaging; it is
likely that a scanner optimized for brain imaging would more
fully surround the brain. A reconfigured system that retains
the scanning detectors, such as the one proposed by Erlands-
son et al.*' could provide data acquisition that adapts to vari-
ous brain imaging tasks, and focuses on volumes of interest.

For the same scan time, the dedicated system showed bet-
ter performance, yielding lower variance and, consequently,
higher task-specific SNR, for all the quantities we simulated.
Likewise, patients who cannot lie still for the scan time re-
quired to detect expected changes on a conventional system
can be imaged in a shorter time using the dedicated system.
Implicit in the calculation of our CRB-based metrics are sev-
eral assumptions. It is assumed that the estimators incorpo-
rate accurate information on the size, shape, and location of
the anatomic structures and, furthermore, accurate informa-
tion on the system model, including scatter and attenuation.
Furthermore, the CRB represents the best possible precision
of an unbiased estimator; it is sometimes possible to achieve
lower variance with a biased estimator. Also, because we used
Tc-99 m instead of I-123 for the phantom acquisitions, our
data included fewer photons that had penetrated the collimator
septa than would be true of a DaTscan acquisition. We expect
that, had we used I-123, the D-SPECT would be less affected
by septal penetration because of its relatively thick septa
(0.2 mm compared to 0.16 mm for the conventional system).'®
Because we based our comparison on raw acquired projec-
tion data, our comparison is based on fundamental hardware
properties, and not affected by characteristics of image re-
construction and correction algorithms. The performance im-
provement for the dedicated system is large enough that ef-
fects due to software would not be expected to alter the results
very much.

The CRB represents the best possible performance (min-
imum variance) of an unbiased estimator. If the projections
are reconstructed by filtered backprojection, which under cer-
tain conditions is unbiased and efficient,?? then we would ex-
pect that an unbiased, efficient estimator of a quantitative met-
ric using these images would match the performance of the
CRB calculated from the projections. Iterative algorithms dif-
fer from analytical algorithms in that they offer an explicit
trade-off between resolution recovery and level of noise, i.e.,
there is the option to choose a biased reconstruction with re-
duced noise. Estimation in this case can lead to better repro-
ducibility (lower variance) performance than predicted from
the CRB at the cost of degraded accuracy. Reconstruction al-
gorithms which utilize a priori information would, of course,
be expected to yield better estimation performance than pre-
dicted by the CRB, unless the CRB model were adjusted to
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incorporate the a priori information. In this case, however,
we would be confounding effects that are solely attributable
to the fundamental performance of the imaging systems with
those of the prior, which is usually just based on properties of
the object being imaged, rather than on the imaging system.
For these reasons, we believe that calculating CRB from the
projection datasets is a more meaningful approach to assess-
ing performance in quantitative tasks than is calculating CRB
from reconstructed images. Furthermore, the reconstruction
algorithm is not a fundamental property of SPECT systems,
as it is relatively easy to change. Finally, it is important to note
that CRB calculated from the projections can serve as stan-
dards of optimal task performance even for quantities which,
in clinical practice, would usually be calculated from recon-
structed images.

It is important to note that the imaging tasks considered
here are estimation of striatal activity concentration, with stri-
atal boundaries known exactly, in the presence of a back-
ground of unknown activity, and estimation of quantities de-
rived from striatal or background activity estimates. We have
shown previously that tasks which, like these, are linear in
the data, are less demanding in terms of spatial resolution
than are more complex tasks, such as estimation of activity
within a structure whose boundaries are unknown.>* There-
fore, it is not surprising that we found that the task-dependent
SNR were much higher for a system with very high sensitivity
(dedicated) than for a system with lower sensitivity but better
spatial resolution (conventional). For these tasks, the perfor-
mance of the conventional system could be improved by using
a collimator with increased sensitivity, even with some loss
of resolution. Furthermore, the sensitivity of the conventional
system could be improved without loss of resolution by using
a collimator with centrally peaked sensitivity.'*'* However,
the advantage of the D-SPECT design is flexibility. Unlike
the conventional system, the D-SPECT can be easily con-
figured for optimal scanning of arbitrary regions of interest.
For SPECT/CT systems such as the conventional one, bound-
aries of some structures can be obtained from the registered
CT image, although anatomical boundaries of a structure may
not match the functional boundaries of the radioactivity up-
take. Striata are not well visualized on CT and, in any case,
structural and functional boundaries are not likely to match
in disease.?* For tasks which require estimation of structure
(functional) boundaries, as well as structure activity concen-
tration, from the SPECT image, we would expect that the ad-
vantages of the dedicated system over the conventional sys-
tem would be reduced.

We have calculated the performance of the two systems
based on projections rather than from reconstructed images.
The advantage of this approach is that the results are in-
dependent of the choice of reconstruction algorithm. We
have shown previously that the SNR values from projection
data are very close to those calculated from images recon-
structed using filtered backprojection.”? Since diagnoses in
brain imaging are commonly made on the reconstructed 3D
brain images, it would be useful if the dedicated system could
generate 3D volume images of the brain. The D-SPECT sys-
tem is widely used for cardiac imaging and a 3D volume of
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the heart is reconstructed from projections. The reconstruc-
tion may involve better understanding of the location of the
object being imaged, i.e., the striata in our study, relative to
the detectors and the rotational views of each detector. From
our experience with phantom imaging throughout the current
study, we believe that the reconstruction of the striata is not
much different than the reconstruction of the heart. A dedi-
cated SPECT system is expensive and not available in many
sites. Our study showed that a scanner dedicated for imaging
one organ could be used for imaging other organs, assuming
that it provides clinically valuable images. Although the ded-
icated system we used was developed specifically for cardiac
imaging, our results imply that it could be very worthwhile for
the manufacturer to develop a similar dedicated brain scan-
ner along with a reconstruction algorithm tailored for brain
imaging.

IV. CONCLUSIONS

We have demonstrated the potential of a dedicated cardiac
SPECT system for quantitative assessment of centrally lo-
cated brain regions, such as the striata. The results of our anal-
yses implied that the increased sensitivity of the D-SPECT
over the conventional system leads to significantly improved
performance in estimating clinically important metrics, such
as striatal uptake, binding ratio, and the left-right asymmetry
index, even though the system was not optimized for these
tasks. We believe that the flexible, scanning-detector design
of the D-SPECT has great potential for brain imaging.
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